We report on synthesis and characterization of gallide cluster based Mo 8 Ga 41 superconductor. Transport and magnetization measurements confirm the superconducting transition temperature to be 9.8 K. The upper critical field (H c2 ), lower critical field (H c1 ), Ginzburg-Landau coherence length (ξ GL ) and penetration depth(λ) are estimated to be 11.8T, 150G, 5.2nm, 148nm respectively. The electronic band structure, density of states and phonon dispersion curve calculations are obtained by using Density Functional Theory. The core level X-ray Photoelectron 
Introduction
Intermetallic compounds are the original warehouse of novel superconductivity [1] [2] . In the recent past, the gallium based intermetallic clusters have attracted considerable attention towards attaining new superconducting phases [3] [4] [5] [6] [7] [8] [9] [10] . In this family, typically a transition element is surrounded by gallium atoms and these have emerged as a favorable structural motif for superconductivity. Several endohedral gallide cluster based superconductors such as Mo 8 Ga 41 , Ir 2 Ga 9 , PuCoGa 5 , ReGa 5 [6] [7] [8] [9] [10] have been reported with transition temperature as high as 18 K [7] . In particular, the Mo based gallide clusters are relatively easy to make but their microstructure optimization for high current carrying applications is pending. With regard to microscopic origin of superconductivity in Mo 8 Ga 41, a strong electron phonon coupling mechanism has been established [9] and recent muon spectroscopy data confirm the presence of two-gap superconductivity. Appearance of superconductivity is also reported by doping V at Mo site, along with emergence of charge density wave (CDW) correlation [11] .
From the atomic coordination point of view, molybdenum atoms in Mo 8 Ga 41 are trapped inside gallium cages and each Mo atom forms ten coordination bonds with surrounding Ga. This cluster of Ga cages, with transition metals at the center, plays the key role for the occurrence of superconductivity in endohedral gallide cluster based binary and ternary intermetallic compounds [8] . The composition of binary gallium superconducting system is simply represented by Mo x Ga 5x+1 and for x = 6, 8 the superconducting transition temperature for Mo 6 Ga 31 , Mo 8 Ga 41 is reported to be 8 K, 9.8 K respectively [9] [10] . Moreover, application of superconducting materials rests on their optimal higher upper critical field (H c2 ) and critical current density (J c ). In general the current density is enhanced by intrinsic defects such as secondary precipitates or cold-worked dislocations or by extrinsic defects created by ion irradiation induced columnar or point defects that leads to increase in pinning centers [12] [13] .
The effectiveness of flux pinning and consequent enhancement in current density of a superconductor relate to both pinning center density and magnitude of pinning force strength that crucially depends on optimized microstructure. In this paper we report synthesis and characterization of polycrystalline Mo 8 Ga 41 superconductor. Further, using Density Function Theory (DFT) [15] [16] [17] we obtain the electronic band structure of the synthesized compound. We also report X-ray photoelectron spectroscopy(XPS) studies which yields the core level binding energy of constituent elements of the compound. The effect of pressure on superconducting transition temperature (T c ) and critical current density (J c ) are also estimated.
Experiment
The polycrystalline samples of Mo 8 Ga 41 were synthesized using solid state reaction by taking constituent elements Mo (99.999%) powder and Ga (99.999%) pieces in proper stoichiometry in a quartz ampoule and by evacuating the tube down to 10 -4 mbar. The evacuated tube was heated at 850 0 C for 55 hour and very slowly cooled down to 170 0 C. Finally shiny grey colored samples were obtained. Room-temperature X-ray diffraction measurement was done on the powdered samples by the RIGAKU powder X-ray Diffractometer (Miniflex-600) with Cu-K radiation. Scanning Electron Microscopy (SEM) images were obtained from Bruker AXS Microanalyser and from a Zeiss EVO40 SEM analyzer respectively. High-resolution photoelectron spectroscopy measurements have been performed using a commercial Omicron ESCA+ system equipped with hemispherical electron energy analyzer and a monochromatic Al x-ray source (hν = 1486.6 eV) from Oxford Instruments, Germany. The overall energy resolution was better than 0.6 eV using 50 eV analyzer pass energy and monochromatic x-ray source. The vacuum level in the analysis chamber during the measurements was better than 5×10 -10 mbar.
Since the XPS technique is very surface sensitive, the samples were cleaned in-situ by light sputtering (using Ar + ) to remove the contamination from the sample surface. The Mo 3d and Ga 2p core-level spectra have been fitted by using a Voigt function including the instrumental broadening.
The transport measurements were performed using linear four probe technique using copper wire and silver epoxy. Magnetization measurements were carried out using 14T
Cryogenic Physical Property Measurement System (PPMS). At various pressures magnetization measurements were performed using Magnetic Property Measurement System (MPMS, Quantum Design, USA). The nonmagnetic Cu-Be alloy were used to fabricate the clamp type miniature hydrostatic pressure cell to generate external pressure upto 1GPa. device.
Results and Discussion
The main panel of Figure 1 using Vienna Ab-initio Simulation Package (VASP 5.4) [15] . For theoretical calculation, projected augmented wave (PAW) [16] with plane wave basis set of cut off energy 282.691eV is used. The DFT calculations were performed using GGA-PBE (Generalized Gradient Approximation-Perdew Burke Ernzerhof) approximation to define exchange correlation energy [17] . To achieve the optimal convergence, typically 9×9×9 mesh point with 0.074×0.074×0.074 In lower energy side, the highest peak comes from Mo 3d and Ga 2p orbital contribution. In endohedral gallide based binary intermetallic superconductors, the E F is found to lie in pseudo gap which is unlike usual superconductors in which the E F occupies a state with finite DOS. The placement of E F in a pseudo gap is attributed to the splitting of the degenerate orbitals of Ga at E F in the presence of transition elements forming the endohedral gallide structure. The position of the E F in the pseudo gap provides the chemical stability to the compounds [8] .
The phonon dispersion curve is shown in Figure 2 , CDW phase is observed [11] . Evidently, for the parent compound, the phonon dispersion curve comprise only positive frequencies that rules out the possibility of CDW type lattice instability theoretically.
X-ray Photoelectron Spectroscopy
The X-ray Photoelectron spectroscopy (XPS) study for Mo 8 Ga 41 is shown in Figure 3 
Transport measurements
The variation of electrical resistivity of Mo 8 Ga 41 with respect to temperature is plotted in Figure 4 (a). The onset of superconducting transition is seen at 9.8 K while zero resistivity state is achieved at 9.4 K (inset). In the normal state, and above 100 K, the change in resistivity grows , where Ф 0 =2.07×10 −7 G cm 2 ) to be ξ GL (0) ~ 5.28nm. In Mo 8 Ga 41 , existence of surface superconductivity is documented where by superconductivity could be sustained above H c2 (H c3 =1.69H c2 ) [9] . The calculated H c2 from the transport measurements remains higher than magnetization or specific heat. The nucleation of superconductivity on surface becomes more pronounced when the applied magnetic field is parallel to the sample. In such case, the vortex lattice overlaps cause the nucleation of the superconductivity to the surface [19] . 
where U 0 is field dependent activation energy ρ 0 is field independent pre-exponential factor. The 
Magnetization measurements
Next we turn to the magnetization measurement performed under zero field cooling (ZFC) and field cooling (FC) protocols which is shown in Figure 5 
High Pressure study
The effect of external pressure on the superconducting properties of Mo 8 Ga 41 is presented in Figure 6 . Figure 6 (a) shows variation of electrical resistivity as a function of applied external pressure till 6 GPa. We observe that on increasing pressure, the T c decreases drastically at 1.5
GPa but then it starts to increase from 8 K to 8.5 K as the pressure is increased upto 6 GPa. The suppression of transition temperature at low pressure is also confirmed in magnetization measurement that is shown in Figure 6 (b). Variation of transition temperature with pressure is shown in inset of Figure 6 (b). Above 1.5 GPa, the pressure coefficient, dT c / dP is estimated to be 0.07482 K/GPa. We note that in similar Ga cluster based superconductor PuCoGa 5 , enhancement in transition temperature from 18 K to 22 K [7] is reported on application of external pressure. Such increase in T c with pressure reflects possibility for higher T c phases of Ga cluster based samples by fine tuning electron-phonon coupling parameter. From Figure 6 (a) we see that as the pressure increases the normal state resistivity of the material also decreases. Bean's model formula. The sample was placed such that the magnetic field direction remained parallel to larger dimension of the specimen. Figure 7 shows the variation of critical current density with magnetic field taken at T = 5 K and applied pressure 0 GPa (P 0 ),0.2 GPa (P 1 ), 0.4
GPa (P 2 ), 0.72 GPa (P 3 ) , and 1.1 GPa (P 4 ). About two fold enhancement of in critical current density (J c ) is achieved at 1.1GPa compared to ambient pressure (J c ). The relatively large J c is reflective of effectiveness of as grown defects in our polycrystalline samples for strong pinning.
Thus there is clear evidence for increase in pinning force density with pressure that implies still higher J c can be achieved by optimizing defect morphology of polycrystalline Mo 8 Ga 41 . The enhancement in critical current density was also observed for data taken at 7 K and 9 K implying the impact of pressure on pinning center formation continues close to transition temperature.
This is more striking because the transition temperature shows decreasing trend at low pressure and therefore the actual enhancement in J c would be more than what is observed [11, 12] . The enhancement in J c with pressure indicates improved pinning density and grain connectivity with applied pressure.
Two gap Superconductivity
Recent muon spectroscopy measurement performed on Mo 8 Ga 41 indicates the presence of conventional two-gap s-wave superconductivity [13] . The presence of two gap model can also be tested by critical current density variation with magnetic field by using double exponential model [14] . 
